Introduction
Sickle cell disease (SCD), like other chronic hemolytic states, is characterized by a release of excess free heme, which catalyzes the formation of reactive oxygen spe-biologically active while Hp 2-1 is intermediate [11, 12] . Hp allele frequencies follow marked geographical and ethnic distributions, such that the lowest Hp-1 allele frequency is found in southeast Asia and the greatest frequency in Africa and South America [11, [13] [14] [15] .
There have been several studies associating Hp phenotypes with different clinical conditions. Hp 2-2 is associated with myocardial infarction as an independent predictor of the severity and extent of myocardial damage in patients with different risk factors [16] . Hp 1-1 protects against atherosclerosis and other vascular complications of diabetes mellitus and is also protective in retinal hemorrhage [17, 18] . There are two previous studies of Hp phenotypes in SCD, one from the USA [19] and the other from Brazil [20] , both of which reported a strong association with Hp 1-1 phenotype. Although there was no mention of the ␤ S -globin gene haplotypes in the patients, it is known that SCD in both populations is associated with haplotypes characterized by low Hb F. Moreover, the two groups of patients share similar ancestral histories, being descendants of Africans brought to the Americas as slaves. The present study was therefore designed to investigate the pattern of Hp phenotypes in SCD patients from two distinct geographical groups (Kuwait and Nigeria) and different ␤ S haplotypes and clinical phenotypes. The study was approved by the Institutional Human Research Ethics Committee, Faculty of Medicine, Health Sciences Centre, Kuwait University, Kuwait.
Subjects and Methods

Kuwaiti SCD Patients and Controls
Eighty-two Kuwaiti SCD patients and 49 AA controls were enrolled in the study. The SCD patients were being followed in the Hematology Clinic in Mubarak Al-Kabeer and Al-Amiri hospitals. Routine complete blood cell counts and cation-exchange HPLC were carried out and DNA extracted. All were screened for ␤ S haplotypes; Hb AA siblings were used as controls. All the SCD patients were Hb SS, carrying the Arab/India (AI) haplotype. The severity of the SCD was determined by reviewing the patients' hospital charts. Those who had been hospitalized 6 4 times in the previous year because of vaso-occlusive crisis (VOC) were classified as a having a severe phenotype.
Nigerian SCD Patients and Controls
Fifty-four Nigerian SS patients and 32 AA controls from Ile-Ife (Osun State) and Benin (Bendel State), both in Southern Nigeria, were enrolled in the study. They were part of a large previous study characterizing the ␤ S -globin gene cluster haplotypes among Nigerian SCD patients [21] . Blood was also collected from non-SCD siblings of the patients as controls. Complete blood count was done on all samples and the Hb genotype was confirmed using cation exchange HPLC [22] . DNA was extracted with the method of Poncz et al. [23] and the ␤ S haplotype determined using standard techniques [24] . DNA samples were stored frozen at -70 ° C. Only patients who were Hb SS and carried the Benin (BEN) haplotype were selected for Hp study.
Hp Genotyping
Hp genotypes were characterized using PCR amplification of DNA segments representing the Hp-1 and Hp-2 alleles, followed by agarose gel electrophoresis [25] .
Data Analysis
The frequencies of the genotypes and individual alleles are presented as percentages. Comparisons were made within and between groups using the 2 test. Relative risk was calculated to test allele association with severity index among Kuwaiti SCD patients.
Results
The Kuwaiti subjects were all homozygous for the AI haplotype, while the Nigerians were homozygous for the BEN haplotype. The Hp genotype frequencies of the different groups are shown in table 1 . Among the Kuwaitis, the distribution was similar in the SS patients and controls ( 2 = 0.50, p = 0.78). Also among the Nigerians, there was no significant difference in the distribution between the SS and the AA controls ( 2 = 1.8, p = 0.41). However, when the Kuwaiti SS patients were compared to the Nigerian SS patients, the difference was highly significant ( 2 = 31.4, p = 0.00). Hp 2-2 was most prevalent among Kuwaitis compared to Nigerian patients (52.4 and 16.7%, respectively). On the other hand, Hp 1-1 was found in 4.9% of Kuwaiti SS and in 37.5% of Nigerian SS patients while the figures in the control subjects were 4.9 and 38.9%, respectively. The intra-group differences were not statistically significant (p 1 0.05). There were also no significant differences when the Nigerian individuals were divided according to their state of origin.
The frequencies of the individual Hp alleles in the different groups are given in table 2 . Among the Kuwaitis, Hp-2 was most prevalent (73.8 and 71.4% in SS and controls, respectively). In the Nigerian group, Hp-1 allele was most common (60.7 and 54.7% in SS and controls, respectively). The difference among the Kuwaiti SS and Nigerian SS is highly significant ( 2 = 32.9, p = 0.000). The same degree of significance was found when the distributions among the Kuwaiti and Nigerian AA controls were compared ( 2 = 11.1, p = 0.001). However, the differences between Kuwaiti SS and AA controls and between Nigerian SS and AA controls were not significant.
The Kuwaiti SS patients were classified according to whether or not they had frequent severe VOC, and the distribution of Hp alleles is shown in table 3 . There was no significant difference in the frequencies of the Hp alleles ( 2 = 1.08, p = 0.29) and no significant association of Hp-2 allele with increased VOC frequency with a relative risk of 1.5 (CI 0.67-3.19).
Discussion
Kuwaiti SCD patients carry the AI ␤ S haplotype with elevated Hb F and generally have a mild clinical course [8, 26] . They retain normal spleen function, and complications like stroke, acute chest syndrome, priapism and leg ulcers are uncommon [27, 28] . However, there is a subset of patients with frequent severe VOC and a high prevalence of osteonecrosis [8, 9] . It appears, therefore, that although Kuwaiti patients have a uniformly high Hb F with consequent reduced rates of hemolysis, the inflammatory response is heterogeneous. On the other hand, Nigerian SCD patients are characterized by a predominance of the BEN haplotype and low Hb F levels. The disease phenotype is severe with a high incidence of hand/foot syndrome, pulmonary hypertension, acute chest syndrome and neurological complications [7] . However, even among these patients, the phenotype is quite variable. There is a need, therefore, to explore the downstream consequences of the SCD pathophysiology to identify other gene polymorphisms that modulate the disease phenotype. This underscores the need for inter-ethnic studies of SCD patients with different geographical and genetic backgrounds, and is the rationale for comparing Kuwaiti to Nigerian SCD patients in the present study.
Hp, in addition to its avid Hb-binding capability, acts as an antioxidant, has antibacterial properties, and also plays a role in modulating many aspects of the acute phase response [29, 30] . Its Hb binding, oxidative ca pacity and inhibition of prostaglandin are strongest in Hp 1-1, weakest in Hp 2-2, and intermediate in Hp 2-1 phenotypes [31, 32] . Because of this polymorphism, the Hp gene is a prime candidate of investigation for any modulatory association with SCD pathophysiology or its subphenotypes. The only previous pertinent studies have been among American and Brazilian patients, for both of whom an association with the Hp 1-1 phenotype was reported [19, 20] . The current study is the first among Arab and African SCD patients. It is therefore interesting that there is such a distinct difference in the prevalent Hp alleles in the two populations. Among Kuwaiti patients, Hp-2 allele is seen in 73.8%, while among Nigerian patients, Hp-1 predominates at a prevalence of 60.7%. However, when the prevalence was compared between patients and AA controls in each population, there was no significant difference. This therefore raises the possibility that whatever difference between Kuwaiti and Nigerian SCD patients is due to ethnic and geographic segregation. Indeed, previous studies from large samples of healthy Nigerians reported a Hp-1 frequency of about 60% and studies from the Middle East, including Arabs, found a prevalence of Hp-2 allele of about 70%, similar to what we found in the present study.
The present study also afforded an opportunity to examine the association of the Hp polymorphism with frequent VOC among Kuwaiti SS patients. Perhaps because of the small number of patients, there was no significant association of Hp-2 allele with increased risk for severe VOC. Unfortunately, the Nigerian patients were not stratified ac- cording to frequency of VOC. It is, however, interesting that the Hp-1 allele, which is associated with high Hb binding, is the predominant allele among Nigerian patients, in whom the rate of hemolysis is higher than in Kuwaitis.
Conclusion
Hp allele distribution in Kuwaiti and Nigerian SCD patients is similar to that described in the normal populations from the same geographical locations. There is still a place for further studies of Hb polymorphism in the different subphenotypes of SCD, especially pulmonary hypertension, acute chest syndrome, priapism and leg ulcers.
